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Abstract

Aim: The aim of the study was to investigate serum anti-Mallerian hormone (AMH) and various biochemical pa-
rameter levels in healthy females before and after puberta, adults with polycystic ovary syndrome and pregnant
women.

Material and Methods: The present study was performed on 100 female volunteers in four groups who applied to
the polyclinic in Dr. Faruk Sukan maternal and children hospital and who had no metabolic syndrome. The groups
were classified as: group 1: 7-12 years of age, prepubertal period (n=25); group 2: 18-25 years of age, pregnant
females in the first trimester (n=25); group 3: 18-24 years of age, suffering from ovarian cysts (n=25); group 4:
18-24 years of age postpubertal as a control group (n=25).

Results: The levels of AMH were found in prepubertal females (age 7-12) and the control group (age 18-24) as 3.62
pg/dland 3.60 pg/dl, respectively (p=0.7636). The levels of AMH were 411 pg/dl (p=0.8690] in the women suffering
from polycystic ovary syndrome.

Discussion: The use of AMH in the measurement of ovarian reserve in clinical trials provides an advantage in
early diagnosis of infertility and polycystic ovary syndrome (PCOS).
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Introduction

Anti-Mdillerian hormone (AMH), also named Millerian inhibiting sub-
stance (MIS), is produced in the ovary by granulose cells [1]. It is known
as a member of the transforming growth factor-beta (TGF-B) super-
family. AMH is a homodimeric disulfide-linked glycoprotein with a mo-
lecular weight of 140 kDa [2,3]. AMH is encoded by the AMH gene in
humans. The gene is located on the short arm of chromosome 19 in
humans, band 19 p 13.3 [4].

The research implies that AMH is associated with various growth fac-
tors in the development and growth of ovarian follicles. It also exhibits
the features of other TGF-B family members [5,6,7], especially growth
factors such as AMH and inhibin-B which are produced locally by the
granulose cells and are closely associated with follicular growth [8].
In the periods of fetal, prepubertal and pubertal development, deter-
mining underlying disorder mechanisms is difficult [9]. Determining
the level of AMH is very important in assessing ovarian reserves and
in detecting, or predicting course of granulose cell tumors in clinical
evaluation.

Previous studies have shown the role of AMH on follicular hormone pro-
duction. Studies on animals imply that AMH shows aromatase activity
in granulose cells. In this way, FSH is stimulated and the number of LH
receptors declines. Notwithstanding its regulatory effects on ovarian
activities, AMH decreases the production of testosterone in teka cells.
Levels of AMH are correlated with the number of antral follicles [10].
AMH induces degeneration of the mdllerian derivatives, suppressing
the formation of the anlagen of the oviducts, the uterus, and the upper
part of the vagina during male fetal sex differentiation [11].

There is a limited population of primardial follicles in the follicle pool
formed during fetal life. The germ cells are divided up to 10-15 times
to reach the maximum number of oocytes, totaling up to seven million
by the 20th week of pregnancy. The number of oocytes decreases in a
logarithmic fashion at birth, about one million oocytes remain. A sub-
sequent reduction in the number of oocytes occurs during childhood.
Finally, by the time of the menarche period the number of oocytes is
300,000-500,000 [12]. The follicle reserve is limited after the loss of pri-
mordial follicles. Furthermore, during the growth phase of primordial
follicles or atresia, about 1,000 follicles are lost monthly. This monthly
loss rate increases after 35 years of age [13].

In the period of menopause, the size of the follicle pool is about 100-
1,000 oocytes. This number of fallicles is unable to maintain the hor-
monal concentrations necessary for normal menstrual cycles [14].
After menopause, due to the loss of exposure to protective female
sex steroid hormones, women have an increased risk for a number of
health problems, such as osteoporosis and changes in cognitive func-
tion. Furthermore, it has been suggested that the risk for cardiovascu-
lar diseases increases after menopause [15,16].

The research on ovarian cysts indicates that it is beneficial to analyse
AMH levels as part of the evaluation of ovary dysfunctions such as PCOS
and premature ovarian failure [17].

Recent studies show that AMH has critical during the reproductive age
of women. AMH has an important role in reducing the primordial follicle
pool and regulating the rate of transition from the primordial into the
growth stage. In addition, AMH has a protective role in decreasing the
rate of exhaustion in the primordial follicle pool. AMH inhibits FSH-stim-
ulated follicle growth, thus regulating the rate of growth and inhibiting
the growing follicles in the early antral period [18,19].

Chronic and irregular AMH secretion which is activated by unknown
factors in granulose cells, leads to PCOS. Measurement of serum AMH
levels in anovulatuar or oligoovulatuar women will assist in identifiying
PCOS patients [20].

No definite standarts have yet been developed for determining the
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ovarian reserve. The studies on whether AMH is a reliable parameter
are still continuing. Recent findings reveal the importance of AMH in
determining ovary function and emphasize the importance of AMH
rather than FSH. For this reason, AMH levels were measured in pre- and
post-pubertal healthy girls, pregnant women, and those suffering from
ovarian cysts.

Material and Methods

The present study was performed on 100 volunteers in four groups who
applied to the polyclinic in the Dr. Faruk Sukan maternal and children
hospital and who had no metabolic syndrome. The age, height and
weight of the volunteers in groups were recorded. Tanner criteria were
used to decide the term of pre-and post-puberta. The groups were
divided as follows;

1. group: 7-12 years-old girls, who were in the prepubertal period (n=25)
2. group: 18-25 years-old pregnant women, who were in the first tri-
mester (n=25)

3. group: 18-24 years-old women who were suffering from ovarian
cysts, detected by ultrasound measurement (n=25)

4. group: (control group) 18-24 years-old post-pubertal girls without any
health problems (n=25)

BMI (Body Mass Index) measurement, calculated as kg/m2 was per-
formed for all four groups. Those who were obese had been excluded
from the study.

The blood samples (5-6 ml) were taken from individual 8 hour after
fasting. Fasting blood glucose (FBG), Follicle stimulating hormone (FSH),
Testosterone (T), Estradiol 2 (E2), Luteinizing hormone (LH), High-density
lipoprotein (HDL), Low-density lipoprotein (LDL), total cholesterol and
triglyceride levels were analysed immediately. The rest of the samples
were kept at -85°C to analyse AMH levels. AMH levels were analysed
with ELISA test kits (ACTIVE Mullerian inhibiting Substance/anti-Miilleri-
an Hormone (MIS/AMH]) -Diagnostic Systems Laboratories Inc, Germany,
DSL cat no: 10-14400). Analytical sensitivity of the kit was 0.006 ng/ml.
Coefficients of variation were studied in eight samples and were 4.6%
(0144 ng/ ml), 24% (0.843 ng/ml) and 3.3% (4408 ng/ml), respectively.
Statistical analysis

Statistical analysis was carried out with the Statistical Package for the
Social Sciences (SPSS, Version 17.0). Kruskal Wallis and Mann-Whitney U
tests were performed in the study due to the nonparametric distribu-
tion. The data were evaluated by aligning the levels of correlation. The
relationships between the findings were examined with the Spearman
correlation test. The data were expressed as median (min-max) values.
The results were considered to be statistically significant (P < 0.01, P <
0.09).

Results

The results obtained from the study presented in Tables 2-4. The levels
of AMH were found in prepubertal girls (age 7-12) and the control group
(age 18-24) as 3.62 pg/dl and 3.60 pg/dl, respectively. Although the AMH
levels were higher in the prepubertal group than in the control group,
this difference was not statistically significant (p=0.736).

The present study found the levels of AMH as 411 pg/dl and 3.60 pg/
dlin the women suffering from ovarian cysts and in the control group,
respectively. Although, the AMH levels were higher in the group with
ovarian cysts than in the control group; this differences was not statis-
tically significant (p=0.8690).

The levels of AMH were found in the first trimester of pregnancy (age
18-25) and in the control group as 3.65 pg/dl and 3.60 pg/d|, respective-
ly. The differences between the groups were not statistically significant
(p=01253).

AMH levels increased with declining age, compared to the levels of the
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prepubertal and postpubertal groups. Also, higher AMH levels were
found in women suffering from ovarian cysts. Minimal increases in AMH
levels were found in the first three months of pregnancy.

Discussion

Clinical signs of PCOS may emerge during the peripubertal period, and
premature puberta may constitute an early manifestation in some girls
[2122.23]. The clinical features used to diagnose PCOS in adult women
are difficult to apply during adolescence. Increased androgen and insu-
lin secretion (typical of PCOS) may be observed in normal adolescents

Table 1. Comparison of the measured parameters of median min and max values in
control, pregnant, prepubertal group and with ovarian cyst group.

Parameter Prepuberta Pregnant 0‘5‘::" [;Orr;tl::

76 (mg/dL) 96 79 72 Th 0.217

T.Chol (mg/dL) 164 163 178 160 0.375
LDL (mg/dL) 9740 94.20 98.20 90 0.590
HDL (mg/dL) 50 55 54 51 0451

LH (miu/mL) 013 on 515 4.64 0.001™
T (ng/dL) 14.83 40.64 325 20.54 0.001*
E2 (pg/mL) 25.05 103797 6546 70.82 0.001
FBG (mg/dL) 95 92 93 93 0.395
AMH (pg/dL) 3.62 3.65 4n 3.60 0.221

FSH (mIU/mL) 349 47 590 498 0.001

Table 2. Comparison of the measured parameters of median min and max values in
postpubertal (control) and prepubertal group.

Parameter Control group Min-Max  Prepuberta  Min-Max P
76 (mg/dL) Th 47-143 96 71121 0.06
T. Chol (mg/dL) 160 116-216 164 123-243 0.21
LDL (mg/dL) 90 58-128 9740 50-165 0455
HDL (mg/dL) 51 34-T5 50 38-71 093
LH (mlU/mL) 4.64 1.92-1018 013 0.04-269  0.001"
T [ng/dL) 20.54 617-4916 14.83 9-68 0.50
E2 (pg/mL) 70.82 18.28-210.8 25.05 422-70.38  0.0013*
FBG (mg/dL) 93 79-107 95 80-118 0.236
AMH (pg/dL) 3.60 1.33-612 362 0.38-5.78 0736
FSH (mlU/mL) 498 2.21-10.54 346 2.02-8.98 0.03*

Table 3. Comparison of the measured parameters of median min and max values in
postpubertal (control) and pregnant women group.
Min-Max

Parametre Min-Max

Control group

Pregnant

T6 (mg/dL)
T.Chol (mg/dL)
LDL (mg/dL)
HDL (mg/dL)
LH (mlU/mL)

T (ng/dL)

E2 (pg/mL)
FBG (mg/dL)
AMH (pg/dL)
FSH (miu/mL)

51
464
20,54
70.82
9.
360
498

47-143
116-216
58-128
34-75
1.92-1018
617-4916
18.28-210.8
79-107
1.33-612
2.21-10.54

79
163
94.20
9
01
40.64
103797
92
3.65
141

45-194
118-212
70.2-1144
39-72
0.003-045
2144-77.06

29.07-1653.27

66-11
211-793
0.74-2.54

0.59
0.56
0.69
014
0.001"
0.0003*
0.001
048
0.86
0.001
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[2425,26,27]. In this context, a biochemical marker that might distin-
guish between normal and PCOS pubertal girls is not yet available.
AMH levels changes very little during the menstrual cycle. This feature
enables the use of AMH in clinics [28]. AMH may be used as a marker to
follow the granulose cell tumors, recognize puberta peroxy and delayed
puberta and to evaluate female gonadal function in prepubertal and
pubertal girls.

In the present study, AMH levels were determined as 3.62 pg/dl in girls
in the prepubertal period and 3.60 pg/dl in the control group (Table 2).
Lee et al. [29] determined AMH levels as 2.66 ng/ml in the prepubertal
period and 1.9 ng/ml in the post-pubertal period. In the same study, the
researchers also found that during infancy, the girls had the lowest

Table 4. Comparison of the measured parameters of median min and max values in
postpubertal (control ) and with ovarian cyst group.

Control group  Min-Max.  Overian Cyst Min-Max

76 (mg/dL) T4 47143 7 24-153 057
T. Chol (mg/dL) 160 116-216 178 118-243 016
LDL (mg/dL) 90 58-128 98.20 86.2-162 0.24
HDL (mg/dL) 51 34-5 54 36-82 092
LH (miu/mL) 464 1.92-1018 515 12.04-1345 032
T (ng/dL) 20.54 617-4919 325 1311-89-66  0.04*
E2 (pg/mL) 70.82 18.28-210.8 6546 2845-122.33  0.87
FBG (mg/dL) 93 78-107 93 72-119 0.60
AMH (pg/dL) 3.60 1.33-612 4n 2.30-9.01 012
FSH (mlU/mL) 498 2.21-10.54 590 2.89-866 046
Table 5. The correlations between parameters of the prepubertal group.

LH TEST. E, FSH T6 TCHOL LDL HDL FBG
T 0.364
E, 0739  0461°
FSH 0753 0425° 0502
16 0404 0245 0607 0391
TChol -0232 0275 -0149 0028 -0159
LDL -0327 0080 -0.346 -0173 -0441" 0.884™
HDL -018 0406 -0.057 0202 -0.308 0.600 0.376
FBG 0015 -0023 0041 -0217 -0.003 0.04 0274 -0403"
AMH  -0287 -0325 -0320 -0322 -0.058 -0074 -0M8 -0.023 -178
* P<0.05 (Correlation is significant at the 0,05 level)
** P<0.01 (Correlation is significant at the 0,01 level)
Table 6. The correlations between parameters of the pregnant group.

LH TEST. E, FSH T6 TKol. LDL HDL FBG
T -0.207
E -0.540  -0.065
FSH 0455 -0.067 -0.552""
T6 -0.009 0141 om 0.242
TCHOL  -0.088 061 -0085 0049 0213
LDL 0.008 0333  -0225 0066 -0.348 0.684™
HDL -0451 0.399 0220  -0.351  0.074 074" 0361
FBG 04m* 0214  -0358 0498 -0.044 0065 0193 -0.370
AMH 0.037 0.015 -0me  -0323 -0227  -043 0247 -0217 0145

** P<0.01 (Correlation is significant at the 0,01 level)
* P<0.05 (Correlation is significant at the 0,05 level)
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levels of AMH. Furthermore, minimal decreases during the prepubertal
period were determined.

In the present study, statistically insignificant decreases were deter-
mined between the pre- and post-pubertal periods, declining with age
(Table 2). These results are compatible with the previous studies [30,31].
Thus, AMH may be a sensitive marker for ovarian aging [32,33].

AMH levels were determined respectively as 3.65 pg/dl and 3.60 pg/
dl in the first trimester of pregnancy (age 18-25) and in the control
groups (Table 3).

A study [34] conducted on pregnant women, the levels of FSH were
found as 4-5 IU / L in the control group and throughout all the periods
of pregnancy and the early puerperium were found as 0-11U / L, the
lowest levels of E2 were determined in the control group and, E2 levels
were found 0-5000 pg/ml in the first trimester of pregnancy. AMH lev-
els were found as 1.9 + 0.5 ng/ml in the follicular phase of the menstru-
al cycle, whereas the levels were 21 = 0.56 ng/ml in the first trimester
of the pregnancy. Furthermore, AMH levels were similar in the first tri-
mester of pregnant women to those of the control group [35]. There is
a similarity between our study and the above-mentioned two studies.
In our study, minimal increases in AMH levels that occurred during the
first trimester of pregnancy were statistically insignificant (p=01253).
In a study carried out on pregnant women, testosterone levels were
found as 2.56 + 117 nmol/ml compared to 112 + 0.3 nmol/ml in the
control group; Estradiol 2 (E2) levels were 20,000-30,000 pg/ml in the
pregnant group [36].

In our study, testosterone and E2 levels were significantly higher and
LH and FSH levels were significantly lower in the pregnant group than
in the control group (Table 3). These results are similar to those of La
Marca et al. [34], Lutterodt et al. [35] and Dzaja et al. [36].

Table 7. The correlations between parameters of the ovarian cysts group

LH TEST. E, FSH 16 TCHOL HDL LDL FBG
T 0433
E, 0190 0.205
FSH 0590 0280  -0.014
TG 0066  -0077 -0.062 0.043
TCHOL  -0184  0.022 -0209 -0213 0316
LDL -0.218 0075  -0107 -0316 0.098 0.871™
HDL -0.0%4  -0077 0.049 0158 -0296  0.301 0151
FBG 0.094  -0341 -0041 008 0521 0185  0.033 -0.008
AMH 0003 0335 -0.065 -013% -0292 001 0138 -0126 -0.235
** P<0.01 (Correlation is significant at the 0,01 level)
* P<0.05 (Correlation is significant at the 0,05 level)
Table 8. The correlations between parameters of the postpubertal (control) group
LH TEST.  E, FSH TG TCHOL LDL HDL  FBG
T 0.354
E 0235  0.308
FSH 0349 0252  0.048
T6 0.05 -0.066 -0.301 0.246
TCHOL -0.022 0298 -0.069 -0.064 0.302
LDL 0.013 0149 -0.007 -0.087 0155 0.910*
HDL -0028 0307 0124 -0.057 0.05  0.615" 0395
FBG -0376  -0158 -0.385 -0152 025  -0.016  -0155 -0151
AMH 0134 01 -0154  -0147  -0.087 0108 0133 -0185 -0.059

* P<0.05 (Correlation is significant at the 0,05 level)
** P<0.01 (Correlation is significant at the 0,01 level)
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Total cholesterol, triglyceride, HDL-cholesterol and LDL-cholesterol lev-
els were measured in the first trimester of pregnancy and in control
groups. Table 3 shows that all the parameters were insignificantly high-
er in the first trimester. Findings of the other studies [3738] are similar
to our findings.

In pregnancy, serum total cholesterol and HDL-cholesterol levels show
increases parallel with the months of pregnancy, especially during late
pregnancy. Most of the pregnant women develop maternal hypertri-
glyceridemia. VLDL-cholesteral and LDL-cholesterol levels increase in
normal pregnancy and at the end of the period reach the highest val-
ues [3940]. In this regard, our results (Table 3) are similar to those in
the literature.

The transition of gluconeogenetic amino acids such as alanin and glu-
cose to the fetus, and the increases of maternal blood volume togeth-
er with the increases in the volume of glucose distribution, lead to a
reduction to the level of 40-50 mg/dl in maternal fasting glucose tests
[4].

In our study, fasting glucose levels were slightly lower in pregnant
women than in the control group. In the present study, AMH levels were
measured in the ovarian cyst group (age 18-24) and the control group
as 41 pg/dL and 3.60 + 1.83 pg/dl, respectively. The difference was sta-
tistically insignificant (p=0.8690).

Chronic and irregular AMH secretion which is activated by unknown
factors in granulose cells leads to polycystic ovarian syndrome. The
study conducted on infants (months 2-3) who were born to PCOS moth-
ers have showed that serum concentrations of AMH were 2040 = 15.60
pmol/L. In a prepubertal group who had PCOS mothers, the levels were
14.80 + 770 pmol/L whereas in prepubertal girls who had mothers in the
control group the levels were 9.61 = 440 pmol/L [42]. The levels of FSH,
LH, testosterone and E2 were investigated in the same study and FSH
levels were found lower in the study group than in the control group. It
has been observed that AMH level is high and FSH level is low in moth-
ers with PCOS and in their daughters in all periods. This is similar to the
results of our study (Table 4).

The elevated androgen levels in women with PCOS are the cause of high
levels of AMH [43]. Another study notes that the AMH levels of the pre-
pubertal daughters of women with PCOS were higher than thase in in
the prepubertal daughters of women without PCOS [44]. This indicates
that these children have a high risk of becoming PCOS in the future.
So in this sense, the measurement of AMH may be an early diagnosis
criterion. The data in our study is consistent with the existing literature.
The ovarian cysts are benign in the present study, so that; early symp-
toms prediction is not completely clear. For this reason, AMH levels of
patients with ovarian cysts were higher than in the other groups.
Cimen et al. [45] conducted a study to measure the levels of LH, FSH, LH
/ FSH ratio, and free, and total testosterone in the control group and in
women with PCOS. They found that all of the studied parameters except
for FSH were higher in the group with ovarian cysts than in the control
group. It was seen that only a reduction in the level of FSH accurred. As
a result of the Freaman et al. [46] study on obese and nonobese wom-
en, the levels of AMH were 0.016 ng/ml and 0.046 ng/ml, respectively.
The AMH levels of the women who were obese were 65% lower than
the other group; this condition may be one of the causes for infertility.
In our study, BMI measurements were performed for each group. The
median values for each group were found as follows: groupl: M=17.85,
group2: M=2148 group3: M=2240, and group4: M=2145. Even with a min-
imal increase in body mass index, a negative correlation between AMH
levels within the study groups was obtained. These results are similar
to those of the study by Freaman et al. [46].

Bayramoglu [47] found that the success rate of IVF treatment was 96%
in infertile women with > 0.25 pg/ml AMH level and that the success
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rate remained at 23% in infertile women with <0.25 pg/ml AMH lev-
el. Prior to IVF (in vitro fertilization) treatment, AMH and Antral Follicle
Count (AFC) were used to measure ovarian reserve. The success rate of
IVF treatment was lower in infertile women with low serum AMH levels
than in women with high levels [48].

Measurement of serum AMH is also useful in the evaluation of infertili-
ty. Assessment of ovarian reserve in women with AMH is a guide on this
subject. Looking at the AMH levels of women whose ovarian reserve
has decreased may provide a chance to make changes in family plans
before possible future infertility. These women can decide in advance
to freeze eggs or to have children as soon as possible in light of the
levels of this hormone. In the prepubertal and pubertal periods, high
AMH levels in the daughters of mathers with PCOS indicate that these
children have an increased risk of being PCOS in the future. AMH may
be useful as a therapeutic hormone in several diseases including endo-
metriosis, adenomyosis, and uterine cancer. Based on these findings,
further investigations are needed.
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